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Abstract 
Aim: The aim of this study was to evaluate the shear bond strength, translucency, and color change of two different 

zirconia materials (Zir-CAD-Prime and Katana UTML-Zirconia) compared to that of common Lithium Disilicate 

(LDS) glass ceramic. 

Material and Methods: By using CAD/CAM milling, 42 ceramic disc samples  of dimensions 10 X 10 mm in 

diameter and 0.5mm in thickness from ultra-high transparent zirconia (n=14), hybrid lithium reinforced zirconia 

(n=14) , and IPS-Emax CAD  (n=14)were fabricated. These disc-shaped were further split into two subgroups 

(n=7) based on the test procedure (shear bonding strength and translucency). All specimen underwent aging 

procedure for five hours  in an autoclave set at 134 °C and 2 bar of pressure, respectively. A spectrophotometer 

was used to measure the color shift and translucency of each group. Utilizing a universal testing apparatus, the 

shear bond strength was evaluated. 

Results: Zir-CAD-Prime had the lowest translucency value whereas IPS-Emax and Katana UTML had the 

greatest and lowest values, respectively. The translucency value after aging was considerably greater than the 

pre-aging value for all tested ceramics. In addition, there was a notable variation in color shift across the various 

groups. Katana-UTML had the greatest value, followed by Zir-CAD-Prime, while IPS-Emax had the lowest value. 

On the other hand, there was a notable variation in the shear bond strength among the various groups. Zir-CAD-

Prime had the lowest value whereas IPS-Emax and Katana-UTML had the greatest and lowest values, 

respectively. Moreover, the percentage of IPS-Emax samples with adhesive failures was substantially greater than 

that of other materials. 

Conclusions: the kind of ceramic, independent of aging, influenced the translucency . Ageing had an impact on 

the translucency of the material and colour change of tested ceramics. The higher the translucency of the material 

the higher shear bond strength 
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I. Introduction 
Dental ceramics are continually evolving, giving professionals a wide range of possibilities for producing 

aesthetics attractive and useful porcelain veneers. (1, 2) Due to its favorable optical characteristics, lithium 

disilicates  ceramics are favoured in areas with high aesthetic standards. But the main drawback of glass-ceramic 

restorations is that they are less fracture resistant than metal-ceramic restorations. Some of this problem was 

solved when zirconia ceramic was initially used in dentistry. (3, 4) 

Dental professionals are always monitoring developments in restorative materials, which should be as 

robust, minimally intrusive, and aesthetically pleasing as possible. (2) The 3 mol% Y-TZP, which seems to have 

poor translucency upon sintering. (5) As "high translucent" or "super translucent," a new variant of yttria-partial 

stabilised zirconia (Y-PSZ) with improved aesthetics has been launched (4 mol% Y-PSZ, 5 mol% Y-PSZ, or 6 

mol% Y-PSZ). Known as "KATANA Cubic," the zirconia is very transparent. Additionally, it is produced in a pre-

shaded, multi-layered state. (6) In an effort to mimic the progressive shift in shade seen in natural teeth from the 

incisal to gingival level, certain recently developed multilayered zirconia types contain larger concentrations of 

yttria and cubic phase of zirconia (c-ZrO2). (7, 8) Nonetheless, Zir-CAD-Prime is a hybrid material that combines 

the best mechanical and aesthetic properties of zirconia with glass ceramics. (9, 10) 

A significant obstacle facing contemporary dentistry is attaining the ideal visual characteristics of 

authentic teeth using synthetic materials. (17) Since dentin and enamel are naturally translucent, replicating the 

optical characteristics (translucency) of natural teeth should be taken into account while creating new restorations. 
(1) Furthermore, as subsurface light scattering is necessary to replicate natural enamel, the material's translucency 
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is crucial to achieving an excellent aesthetic result in dental prosthetic restorations. (7) The material seems opaque 

if the majority of the natural light is absorbed. This can be related to the material matrix crystals' chemical makeup. 
(7, 18) Translucency permits light to flow through, but with scattering because photons of light scatter internally or 

at either of the two interfaces where the index of refraction changes. (1, 2) It has been determined that achieving 

high aesthetics requires a ceramic's translucency, which is greatly influenced by both “material structure and 

thickness”. (19, 20) 

Moreover, one crucial aspect of laminate veneers is their shear bond strength at the ceramic resin 

interface, this is due to the fact that successful ceramic restorations depend on the appropriate polymerization of 

resin-based cementation materials. (17) Therefore, in order to achieve long-term functional and aesthetic results, it 

may be helpful to understand how the translucency of ceramic veneers affects the degree of conversion of resins 

used for cementation. (21) Because the type and thickness of the ceramic material might affect the qualities of 

light-cured resin-based products, this is a therapeutically crucial issue. (21-23) This is because if the ceramic 

restorations greatly reduce the light-curing unit's irradiance, it could have an impact on the polymerization of 

light-cured luting materials during the cementation of ceramic veneers. (17) 

This study examined three different dental materials to find the one with the best translucency and shear 

bond strength: Zir-CAD-Prime and KATANA-UTML zirconia in comparison to traditional ceramics made of 

lithium disilicate glass (IPS-Emax CAD). The null hypothesis proposed that the material's translucency and shear 

bond strength would not be impacted by the kind of ceramic. 

 

II. Materials And Methods 
Exemption from the ethical committee:   Fpr21 -(  151) -  M 

A power analysis was designed to have adequate power to apply a statistical test of the null hypothesis 

that there is no difference would be found between different tested groups regarding translucency. By adopting 

an alpha level of (0.05), a beta of (0.2) (i.e. power=80%) and an effect size (f) of (0.682) calculated based on the 

results of a previous study1; the predicted sample size (n) was a total of (24) samples (8 samples per group). 

Sample size calculation was performed using G*Power version 3.1.9.72 

(NB (1): The calculated number is a minimum estimation of the required sample size. Sample size can 

be safely increased to any number of choice as long as it’s higher than the estimation) 

(NB (2): References for the paper and the program used for the calculations are in footnotes at the bottom 

of the page if not visible on mobile try opening on a computer)   . 

42 ceramic disc samples (n=14) of LDS (IPS-Emax CAD), hybrid lithium reinforced zirconia (Zir-CAD-

Prime), and ultra-high transparency zirconia (KATANA UTML) were produced using CAD/CAM milling. These 

disc-shaped specimens were 0.5 mm in thickness and 10 X 10 mm in diameter. Subsequently, each group was 

further divided into two subgroups (n=7) according to the test protocol (translucency and shear bonding strength). 

 

Specimens’ fabrication 

Cubes of Katana-UTML (Kuraray Noritake Dental Inc., Miyoshi, Japan), IPS-Emax CAD (Ivoclar 

Vivadent AG, Schaan, Liechtenstein), and Zir-CAD-Prime (Ivoclar Vivadent AG, Schaan, Liechtenstein) were 

produced using the Roland Milling Unit. The cubes were cut into 21 ceramic slices measuring 10 x 10 mm and 

0.5 mm thick using a low-speed saw (IsoMet 1000, Buehler, USA) that was lubricated with water and used a 

diamond disk with a thickness of 0.6 mm at a cutting speed of 2500 rpm. The arrangement of the slices made in 

compliance with the manufacturers' suggestions and the instructions outlined in ISO 6872: 2015-Dentistry-

Ceramic Materials. A 0.5µm finish was achieved by grinding and polishing (using diamond-impregnated discs 

from DGD Buehler, USA). 

In order to provide the proper final thickness for the materials that need to be sintered (Zir-CAD-Prime 

and KATANA-UTML), the specimen thickness was adjusted to account for the material contraction during the 

sintering process. Following that, sintering firing was carried out in a furnace (Mihmvogt TABEO-1) in 

accordance with the manufacturer's instructions. As directed by the manufacturer, samples of KATANA-UTML 

were sintered for two hours at a temperature of 1550˚C / 2822F, and samples of Zir-CAD-Prime for two hours at 

a temperature of 1530˚C.  Prior to measurements, all of the specimens were polished with yellow, red, and white 

polishing bures set to 8000–1000 rpm for 60–90 seconds, followed by an ultrasonic cleaning in distilled water for 

10 minutes, and then allowed to air dry on a bench. 

Utilizing a Programat CS2 furnace and according to the manufacturer's recommendations for the 

crystallization settings specific to each material, the IPS-Emax CAD was entirely crystallized. To ensure that the 

 
1Vichi, Alessandro, et al. "Translucency of ceramic materials for CEREC CAD/CAM system." Journal of Esthetic 
and Restorative Dentistry 26.4 (2014): 224-231. 
2 Faul, Franz, et al. "G* Power 3: A flexible statistical power analysis program for the social, behavioral, and 
biomedical sciences." Behavior research methods 39.2 (2007): 175-191. 
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specimens had the same surface texture, they were smoothed once more. The specimens were then prepared for 

the bonding procedure after being cleaned using an ultrasonic cleaner and 99% isopropanol for the maximum 

CAD. After finishing the specimens as previously described, they were ready for further transparent light-

polymerizing protective coatings (Ceramotion). To remove air bubbles, a thin layer of glaze was applied with a 

gentle brush in a single direction. Ceramotion paste glaze was applied, and twenty seconds later it was 

polymerized under ultraviolet light for ninety seconds. 

 

Surface treatments 

Before applying any surface treatments, each of the 21 slices had its surface thoroughly cleaned of any 

dirt and dried with 70% ethyl alcohol. For better standardization, sandblasting was done on zir-CAD-Prime and 

KATANA-UTML samples using 50 microns aluminium oxide powder at an angle of 90 and a distance of about 

10 mm. A cylindrical metal holding device allowed the sandblaster tip to move in the right, left, up, and down 

directions without changing the distance, which improved standardization. This was carried out for every ceramic 

disc in this subgroup for 20 seconds at 2.8 bar of pressure. After that, slices were covered with 97% alcohol and 

allowed to air dry using an oil-free air/water syringe until the surface was matte. 

After 30 seconds of etching with 9.5% hydrofluoric acid (PORCELAIN ETCHANT), the IPS-Emax 

CAD slices were cleaned and allowed to air dry using an oil-free air/water syringe. For sixty seconds, a silane 

coupling agent was administered. The specimens were then air dried using an oil-free airway syringe. 

 

Cementation procedures 

A specifically made Teflon mold that was split cylindrically was made. The mold has an exterior cupper 

ring that was used to assemble the Teflon mold's two parts, and a circular central hole that is 2 mm in diameter 

and thickness. The twenty-one A2 shade ceramic samples were made in compliance with the manufacturer's 

specifications. Sitting atop a dry, clean glass slab, the Teflon mold was covered with a thin coating of separating 

media. With the use of a non-metallic plastic device, 3 mm increments of composite resin (Choice 2 Veneer 

Cement) were applied. To achieve the best level of smoothness, a mylar strip was pushed into the glass plate after 

the increment was applied. For 40 seconds, composite resin activation was carried out using an LED light curing 

unit (Miraj, LED.D curing light, Korea) with a mean light intensity of 1400 mW/cm2 and an optical wavelength 

of 420-480 nm. 

The seven specimens' etched surfaces were completely cleaned for sixty seconds with water spray, then 

for an additional sixty seconds with ultrasonic washing in distilled water, and finally for thirty seconds with oil-

free compressed air to dry them. The etched surface was coated with a coating of silane coupling agent for sixty 

seconds, and then air was thinned. After being manually finished with wet silicon carbide paper (320,600 grit; 

Norton S.A., São Paulo, Brazil), the cemented side of the zirconia ceramic samples were ultrasonically cleaned 

in distilled water for ten minutes and then rinsed with tap water for one minute. Every ceramic sample was 

subjected to a bond brush application of Bisco All-Bond Universal for 20 seconds, followed by moderate oil-free 

air drying for five minutes and curing. 

To ensure uniform load application, a specially designed cementation device was machined from 

stainless steel. It consists of: a) two rectangular horizontal metal plates (upper and lower); b) two supporting 

vertical metal arms attached to the upper and lower horizontal metal plates; c) a T-shaped metallic rod attached 

to the upper metal plates that can move freely vertically; it also carries a disc-shaped plate at its upper end over 

which the required load will be placed; at its lower end, a Teflon rod with a 10 mm diameter tip was attached; and 

d) a 1 kg load was placed on the disc-shaped plate. 

The syringe was used to inject the cement onto each composite substrate's prepared surface in accordance 

with the manufacturer's instructions. To guarantee that the cementation mold was put in the same spot every time 

during cementation, it was placed on the rectangular iron base of the cementation device and fixed in a central 

position using a fixation screw. With its prepared surface directed toward the luting cement, each composite disc 

was placed within the Teflon mold cavity section (a). To hold the ceramic disc in place, part (b) of the metal was 

placed over part (a), and part (c) was placed over them. Ultimately, while loading, the Teflon ring held the three 

pieces (a, b, and c) together. 

The disk-shaped plate at the top of the T-shaped metallic portion of the cementation apparatus was 

subjected to a steady force of 1 kg for three minutes. The resin material was then polymerized from three 

directions for 40 seconds using a light cure device at a power of 3.200 mW/cm2 after the surplus cement was 

removed with a sharp lancet from the corner of the square hole of the metal portion (b). Following the curing 

process, the cementation mold components were disassembled by removing the outer Teflon ring and the 

cemented ceramic discs. Finishing was then applied using a finishing bur. For uniformity, the same operator 

finished and polished each ceramic disc sample in accordance with manufacturer instructions. 
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Aging (low thermal degradation) of the samples 

Before measuring color and translucency once more, all of the specimens were kept for a period of time 

at 37°C. They were then artificially aged using autoclave aging, which promotes 15-20 years of aging at 37°C for 

5 hours under 0.2 MPa pressure. 

 

Translucency measurement 

Samples were dried using compressed air after being ultrasonically cleaned in distilled water for ten 

minutes before to each measurement. Translucency (TP) and color (∆E) changes were estimated for each sample 

both before and after aging. Translucency was measured using a Cary 5000 UV-Vis-NIR double-beam 

spectrophotometer. The SCE mode eliminated the specular reflectance component. In the visible range, from 380 

to 780 nm, relative reflectance data were taken at intervals of 5 nm. Without bonding, each ceramic slice was 

erected against bright (A2) and dark (A4) substrates that had already been produced. The aperture of a 

spectrophotometer was placed against the flat ceramic surface of each specimen-substrate assembly to measure 

shade. The apparatus emits or absorbs illuminating light that permeates materials. 

The Commission International de l'Eclairage (CIE) documented the measurement. After obtaining the 

diffuse reflectance data for each sample, the CIE-Lab color values were determined using the color software 

application that is compatible with the Cary WinUv instrument and allows for a wide range of color calculations 

and standards. Using computer software (Carry WIN UV), color coordinates, CIE L*a* and b*, were calculated 

from the transmittance and reflectance date. Every value was measured by moving the specimen one millimetre 

in each quadrant direction, covering five distinct areas of the specimen, including the center. The required 

parameters were calculated using the average L*a* and b*values. 

Before and after aging, the translucency (TP) of every ceramic sample was measured. Each specimen's 

post-aging color shift was measured and compared to its pre-autoclave aging baseline color. An Excel spread 

sheet was utilized to record the color measurements and formulas were added to determine the color changes for 

every specimen across all coordinates (ΔL*, Δa*, and Δb*). 

Each ceramic specimen's translucency (TP) was determined by applying the following equation to 

determine the color difference between the specimen when it was placed against a black backdrop (b) and a white 

background (n): TP = [(Lb*-Lw*)]2+ (ab*-aw*) L* stands for lightness, a* for redness to greenness, and b* for 

yellowness to blueness in 2+(bb*-bw*)2] ½. 

 

Shear bond strength test 

For the purpose of the shear test, each specimen was implanted in an acrylic block to facilitate handling 

and fixation. On the acrylic resin blocks, letter codes were inscribed to help distinguish between the three 

materials during the remaining procedures: letter {z} denotes the Zir-CAD-Prime specimen, letter {k} denotes 

the KATANA-UTML specimen, and letter {E} denotes the IPS-Emax CAD specimen. PVC water tubes were 

used to create the molds, which were then cut into 25 mm internal diameter and 20 mm length with a specially 

constructed Teflon cover. After ceramic samples were placed over a Teflon cover, the epoxy resin was poured 

over them, allowed to cure, the Teflon cover was taken off, and the epoxy resin base was completed to remove 

any remaining material. 

Data were recorded using computer software (Instron® Bluehill Lite Software) and each block with its 

own bonded specimen was secured horizontally with tightening screws to the lower fixed compartment of a 

universal testing machine (Model 3345; Instron Industrial Products, Norwood, MA, USA) with a loadcell of 5 

kN. Using a material testing equipment, a tensile mode of force was delivered as a hearing load at a crosshead 

speed of 1 mm/min. Newtons were used to measure the load necessary for debonding. Equation τ= P/πr2 was 

used to represent the bond strength in MPa by dividing the load at failure by the bonding area. Here, π stands for 

shear bond strength (in MPa), P is the load at failure (in N), π=3.14, and r is the micro-cylinder's radius (in mm). 

The deboned specimens' failure mode was examined using the Zeiss S7(V11) stereomicroscope at 30X 

magnifications to determine the deboned region and confirm if the mechanism of failure is cohesive, adhesive, or 

mixed. 

 

Statistical analysis 

The chi-square test was used to evaluate the categorical data, which were then reported as frequency and 

percentage values. Pairwise comparisons using multiple z-tests with Bonferroni correction were then performed. 

The mean and standard deviation figures are used to show numerical data. Shapiro-Wilk's test was used to 

determine their normality, and the results showed that they were normally distributed. Two-way mixed model 

ANOVA was used to assess the translucency data. Using the pooled error term from the main ANOVA model and 

the Bonferroni correction, simple effects were compared. One-way ANOVA was used to assess the color change 

and shear bond strength data, and Tukey's post hoc test was then performed. For every test, the significance 
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threshold was set at P<0.05. R statistical analysis software, version 4.3.1 for Windows, was used to conduct the 

statistical study. 

 

III. Results 
Regarding translucency: there was a statistically significant difference (P<0.001) in the translucency 

findings between the various materials both before and after aging. Zir-CAD-Prime had the lowest translucency 

value, whereas IPS-Emax and KATANA-UTML had the greatest values. Furthermore, the aging process produced 

noticeably increased translucency values for each material(Table 1). 

 
Aging Translucency parameter (TP) (Mean± SD) P-value 

Zir-CAD-Prime KATANA-UTML IPS-Emax 

Before 9.46±0.28C 12.36±0.32B 14.35±0.48A <0.001* 

After 10.63±0.19C 13.80±0.23B 15.15±0.24A <0.001* 

P-value <0.001* <0.001* <0.001*  

Values with different superscript letters within the same horizontal row are significantly different *; significant 

(p<0.05) ns; non-significant (p>0.05) 

 

 
Figure (1): Bar chart showing average translucency parameter (TP) for different materials before and after 

aging (B) 

 

Regarding color changes : the color change results showed that there was a statistically significant 

difference between the materials after ageing (P<0.001). IPS-Emax had the lowest color change value, followed 

by Zir-CAD-Prime, and KATANA-UTML had the highest value.(Table 2). 

 
Color change (ΔE) (Mean± SD) P-value 

Zir-CAD-Prime KATANA-UTML IPS-Emax 

2.69±0.13B 3.38±0.14A 2.16±0.11C <0.001* 

Values with different superscript letters within the same horizontal row are significantly different *; significant 

(p<0.05) ns; non-significant (p>0.05) 

 

 
Figure (2): Bar chart showing average color change (ΔE) for different materials. 
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Regarding shear bond strength : the shear bond strength data showed a statistically significant 

difference (P<0.001) between the materials. The highest value was found in IPS e.max (20.79±4.41), followed 

by KATANA (11.23±3.27), while the lowest value was found at ZirCAD Prime (6.36±1.67). (Table 3). 

 
Shear bond strength (MPa) (Mean± SD) P-value 

Zir-CAD-Prime KATANA-UTML IPS-Emax 

6.36±1.67C 11.23±3.27B 20.79±4.41A <0.001* 

Values with different superscript letters within the same horizontal row are significantly different *; significant 

(p<0.05) ns; non-significant (p>0.05) 

 

 
Figure (3): Bar chart showing average shear bond strength (MPa) for different materials. 

 

The mode of failure: results showed that the percentage of IPS-Emax samples with adhesive failures 

was substantially greater than that of other materials (P=0.017), (Table 4). 

 
Failure mode n (%) p-value 

Zir-CAD-Prime KATANA-UTML IPS-Emax 

Adhesive 2 (28.57%)B 2 (28.57%)B 7 (100.00%)A 

0.017* Cohesive 1 (14.29%)A 3 (42.86%)A 0 (0.00%)A 

Mixed 4 (57.14%)A 2 (28.57%)A 0 (0.00%)A 

Values with different superscript letters within the same horizontal row are significantly different *; significant 

(p<0.05) ns; non-significant (p>0.05) 

 

 
Figure(4): Stacked bar chart showing mode of failure distribution in different materials. 
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Correlation 

Correlation between translucency and shear bond strength is presented in table (5) 

There was a strong positive correlation between translucency and shear bond strength that was 

statistically significant (rs=0.786, p<0.001). 

 

Table (5): Correlation between translucency and shear bond strength. 
Variables Correlation coefficient p-value 

Translucency -Shear bond strength 0786 <0.001 

*; Significant (p< 0.05). 

 

 
Figure (5): Scatter plot showing the correlation between translucency and shear bond strength. 

 

IV. Discussion 
In order to achieve long-term functional and aesthetic results, it may be helpful to understand how the 

optical properties  of ceramic material affects  veneers shear bond strength. (21) Because the type and thickness of 

the ceramic material might affect the qualities veneers , which  is a therapeutically crucial issue. (21-23) This is 

because if the ceramic restorations greatly reduce the light-curing unit's irradiance, it could have an impact on the 

polymerization of light-cured luting materials during the cementation of ceramic veneers. (17) Therefore, in this 

present study three distinct materials: Zir-CAD-Prime, KATANA-UTML zirconia, and IPS-Emax glass ceramic 

were utilized in this study in order to investigate the translucency, color change, and shear bond strength of these 

different CAD/CAM ceramics. 

Translucency permits light to flow through, but with scattering because photons of light scatter internally 

or at either of the two interfaces where the index of refraction changes. (1, 2) Therefore, translucency of the ceramic 

material was selected as a test property in this current investigation. Since shade A2 is the most frequently chosen 

shade by patients and a universal colour, it was adopted for all tested ceramics in this experiment. (24) The 

spectrophotometer, which is straightforward, easy to use, and accurate, was utilised in this present study to 

measure every sample as suggested by earlier research. (25-27) According to Dozić et al. (2007) (28), 

spectrophotometer was the most dependable shade matching appliance in both in vitro and in vivo settings. 

Previous investigations employed the CIELab technology to capture colour changes; ΔE values indicated whether 

or not this colour change would be observed clinically. (3, 25, 29) Therefore, in this present study ΔE value was used 

as indicator for color change as it indicates whether or not a colour variation is perceptible to the human eye. (30) 

In this current investigation, the resin cement was selected because they have good mechanical and 

aesthetic qualities, are less soluble in the oral environment, and can be adhesively linked to tooth tissues, resin 

cements are frequently employed to cement all-ceramic restorations. (17) Moreover, to rule out the possibility of 

colour shift, light-cured translucent resin cements were utilised in this investigation because it is better than dual-

cured cements in terms of optical qualities and colour stability when it comes to cementing translucent and thin 

ceramic restorations as veneers (17, 31) as well as because of their extended working period and colour stability. (32, 

33) Furthermore, Bisco All-Bond Universal cement is free of Camphorquinone, which causes light polymerization 

to result in a yellowish tint. (3) It was stated that any amine molecule during its autopolymerisation, undergoes an 

oxidation process that results in discolorations. (34) 

In  this present study the utilized ceramic thickness was (0.5 mm) in order to avoid the effect of the 

ceramic thickness on the degree of conversion of the resin cement. 

In order to better replicate clinical settings and improve stress distribution at the ceramic resin interface, 

about 0.1 mm (100 µm) of cement was selected as the thickness of the resin cement in this current investigation. 
(3) However, the cement thickness was not standardized using spacers, as reported in prior investigations, in an 
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attempt to mimic clinical settings. (17, 36) Prior in vitro investigations have similarly documented cement 

thicknesses akin to ours, ranging roughly between 100 and 160 μm.  (17, 22, 37) 

In this present investigation, the specimens in this study underwent artificial thermal ageing using 

autoclave ageing at 134 °C under 0.2 MPa pressure for 5 hours (11, 38, 39) because it being the most extensively 

documented technique for specimen ageing and long-term colour stability assessment. (17) This accelerated ageing 

process stimulates 15-20 years of clinical ageing in the oral environment. (4, 40) 

The results of this current investigation revealed that the IPS-Emax glass ceramics had the highest 

translucency , followed by KATANA-UTML zirconia and then Zir-CAD-Prime zirconia ceramics.  These findings 

are consistent with the findings of Harada et al. (41), who reported that IPS-Emax CAD ceramic was significantly 

more translucent than KATANA-UTML, however, KATANA-UTML much more translucent than other tested 

zirconia at a thickness of 0.5 mm. This could be related to the significant difference in refractive indices between 

the ceramic matrix, ZrO2, and pores, the simultaneous presence of cubic and tetragonal phases may increase light 

scattering. This can impact the optical properties of the restorations by decreasing translucency values and 

increasing light scattering. (42, 43) This could explain the low translucency Zir-CAD-Prime zirconia ceramics in 

this current investigation. Also, Casolco et al. (2008) (44) stated that higher amounts of light absorption and 

scattering can be caused by minute geometrical, structural, or chemical variations in the grains and grain borders, 

which can result in significant opacity. The apparent discrepancy in optical characteristics between Zir-CAD-

Prime and KATANA-UTML zirconia could potentially be explained by additional factors such as the presence of 

cubic phase and variations in particle size and density. (24) 

Moreover, the low translucency of KATANA-UTML zirconia ceramics in this current investigation when 

compared to the IPS-Emax glass ceramics could be attributed to the presence of cubic and tetragonal phases may 

increase light scattering and increase the translucency of KATANA-UTML zirconia ceramics acing to Mourouzis 

et al. (38). However, leucite-reinforced ceramic (IPS-Emax CAD) with uniformly distributed leucite crystals within 

a glassy matrix to aid in their increased translucency. (45) 

According to a study by Harada et al. (41), the alumina concentration in KATANA-UTML zirconia was 

lowered to 0.11 weight percent. Also, Mourouzis et al. (38) reported that the change in translucency could be 

attributed to the formation of more cubic phases in the KATANA-UTML zirconia ceramics. This also could 

explain the higher translucency of Katana Ultra Translucent zirconia when compared with Zir-CAD-Prime 

zirconia in this current investigation. Alghazzawi (24) stated that the shift from tetragonal to monoclinic cause the 

surface roughness and light scattering of the ceramic material. However, the microstructure of Zir-CAD-Prime 

lacked the cubic phase, which induces greater tetragonal to monoclinic change in zirconia by increasing its 

sensitivity to ageing and decrease its translucency. 

Additionally, the ageing data in this study showed that there were notable colour changes following 

several firings. However, these finding in agreement with the finding of several studies that examined the impact 

of firing frequency on colour change and found no discernible colour change following several firings. (24, 30) In 

contrast to other zirconia brands, the LDS exhibited the least amount of colour shift since its metallic oxide 

colouring was more stable and could take on an orange hue over time. (24) In agreement with the finding of current 

study Yılmaz et al. (30) found that the surface colour of IPS Classical metal ceramic, Empress Esthetic and Empress 

2 ceramics was significantly affected by multiple firings. 

The results of shear bond strength of the tested ceramics in this current investigation revealed a 

significant difference between different groups. The highest value was found in IPS-Emax, followed by 

KATANA-UTML, while the lowest value was found at Zir-CAD-Prime. The high bond strength of the LDS 

ceramics could be attributed to the increased glass matrix content  of this material when compared with KATANA-

UTML and Zir-CAD-Prime as well as increase of translucency KATANA-UTML when compared with Zir-CAD-

Prime ceramics as it was stated the translucency of the material had a significant effect on the degree of conversion 

and complete polymerization of the bonding agent. (21-23) 

Gugelmin et al. (17) stated that the proper polymerization of resin-based cementation materials is essential 

to the success of ceramic restorations. Moreover, Runnacles (21) reported that the translucency of ceramic veneers 

affects the degree of conversion of resins used for cementation. This is because if the ceramic restorations greatly 

reduce the light-curing unit's irradiance, it could have an impact on the polymerization of light-cured luting 

materials during the cementation of ceramic veneers. (17) 

The results of mode of failure in this current investigation revealed that in zirconia group the failure 

modes were mostly cohesive or mixed failure, however, in LDS ceramic the mode of failure was purely adhesive. 

This could be attributed to resistance of the base to surface tensile stresses, or the tensile strength of the base 

material, rather than the strength of the adhesive interface, controls the shear bond strengths determined in this 

work. This will continue to be the case for as long as the adhesive interface is robust enough to withstand the 

conditions that are locally stressful. (46) The production of high tensile stresses within the sample base as a result 

of the uneven stress distribution caused by the shear test setup is hypothesised to be the cause of this kind of 

failure, which were primarily cohesive or mixed fractures in the zirconia groups, are consistent with these 
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observations. (46) Moreover, the strength of the bond was unaffected by the additional use of a conditioner for 

zirconia surface processing, according to Gerdzhikov et al. (10) 

Correlation between translucency and shear bond strength revealed a strong positive correlation between 

translucency and shear bond strength that was statistically significant (rs=0.786, p<0.001). 

This study had some limitations as it compared several ceramic microstructures independent of the 

thickness and anatomical shape of the restorations. It is anticipated that anatomical crowns or veneers will have 

varying translucent and bond strength values. Furthermore, in comparison to clinical settings, the transparent 

parameter and bond strength might have been impacted by the absence of mechanical ageing and thermocycling. 

 

V. Conclusions 
Within the limitation of this study, it could be concluded that the kind of ceramic, independent of aging, 

influenced the translucency. Ageing also had an impact on the translucency of the material and colour change of 

tested ceramics. The higher the translucency of the material the higher shear bond strength 
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